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i Tha diffaraapas in sasponsas of grada 6 boys and 
girls to salactad itass on a standardiEad tast ara ajcaffiinads Data ara 
. tha rasponsas of approximataly 36f^00 childran during Vl 978- 7 9 to two 
tast forms of tha California AssassBant Progran's Survay of Basic 
SJtillss Crada 6 iBBS%6)m Parformanca on specific aiithmetic items is 
stadlad afid involves tha concapts of Whola nunbars, fractions^ and 
dacimals^ fhasa skills ara tastad both as simpla computations and a^ 
ator.y problams* Of tha slag problams presaatad in this study^ thref^ 
shovad sa£ differancas in tha pattarns of rasponsasi boys wara mora 
likaly than girls to ansiiar tha story problams corractly after 
(Issing computation items raguiring tha same skills* from thase two 
forms ^ the indications ware that girls ara selecting tha sama 
distractbrs regardlass of parformanca on the computations^ In 
cOntrastp boys* raapbnsas saamad to de^nd upon puccass or failure oja 
tha computations. Analysis of distractors doas not explain why bDys 
and girls differ in thair. rasponses* How evert such analyses can ba 
useful in Idantifyiffg the areas in Mhich the sexes diffair* (RL) 



* Eeproductlons suppliad by EDBS ara the bast that can be made * 

* from tha original dbcument- - * * 

******** 
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Many /researchers have found , sex dif ferencefa In mathematics p^r^ 
formance (Binbo^^^ & Stanley, 1980; Hilton &*Ber||lun 197<; Maccoby & 

sex differences have 



of males and females;; 



mean humber of items correct' for eacta 



Jactelln, 1974? Bacta^n 1972) . Most studi^es o 
been concerned with total test perforaance^ 
urfual statistics rdgorted ire 
;ieK. ^ ■ • . ^ ^ ■■ 

' ^ -It ts apparent in several itudies that mal^s and females excel In 
different areas* of ; m^athema tit s^^ Fenhama and SHerman 

(1978) report mean scores for boys and girls fert^ four sehooji. . At 
the sixth grade, girls genially scored higher thah'^^^yi on tests of 
math computAtipn while boys obtained higher scares than^^^ls on tests 
of application and problem solving. 



Marshal^ (1981) also 'found evidence boys and girls the 

sixth grade excel ''in solving dlfferept t^es of problems 



suitable for other, 



^ This papeT e^amihes the differences* in responiea^ of iixth grade 
boys and girls to selected, items on a staridardiMd^' test* Several 
questions are of interest* Are the. children approaching tHe problems 
with identifiable strategies? Are ^e^strategias ^im^lar? In parti- 
cular, are the" children erring in similar ways^and therefore choosing^^ 
the same incorrect responses? , * 



better ^on Itfims of cooqiutdtion^ and bdyp are Impre successful' on stofjf^ 
problems * Thesf differences Suggest that the I sexes may be approaching 
problem solving with differed strategif^s*, with one set of strategies - 
being more apji(6priat^ for certain ^ probjlmi and another set being 



This paper, presented at the 1981 Annual Meetin| of "the Aratricari^^ 
Educational Research Aisqciatibnj- ip based on a project supported by*i^ 
the National Institute of Education under Grant No . NIE-G-80-009S * 
The opinions^ expressed in thii =paper are those >the author and do 
riot /necessarily reflect the views of the Natiohal\Ipstitute of Educa- 
tion* . 



who err given othftr items ^correct are selacting the lame wrong re* 



.Thej unit; of Vcdraparisbn betw^n the sexes is not /the number of 
items correct on the interest .here is in the pat- 
tern^ of iresppnies tfr i#lected ItBms * For example i , ohe pan question 
whether , 'giVea Geetain ^ijtemi corrjec sMeilfcre equally likely to 
iolve another problem cbrrectly. One can alsc^ qju^stion whether those 
who err 

sponses . . ^ * , 

' ' ^ Data Source i , 

The data reported here are the responaei of approximately f 36 ,000 
ildren to two test forms a f the Survey of ' Baslr ^ Skills i Qracle '6/ 
Roughly 000 girls and 9,000 bqyi respofadSd to feach form. The Survey 
is a multiple^chpicf achievement te^t administered annually by the 
California Assessment Program of the California Department of Educa- 
,tioft. The responses analyzed here were made in the academic year 
1978-79. V V ^ ^ ' ' , 

.'^ Thm Survey of ^ Basic Skills was designed to sample the achiivement. 
of sixth ^ade children in CaJ^fornia* Reiults are provided j^or 
schoalj schoal district^ and . s^.ate levels . There are sixteen SO-ltem 
test farms; each contains items of reading, written es^ression, spell* 
ing, and mathemati;Ci * . 

. Performance bn specific arithmetic item^ on two ^ test forms is 
studied in this paper. The items of interest involve the concepts of 
^hol^ numbers J fractions , and decimals; These skills are tested both 
as simple computations and as' story problems . For iatfh t^st form, one 
story problem and .two pelated computations are examined. 
^ ' Many results givenp here are simply percent correct or percent 
iheDrrect for each- sax on each problMi. j^With the large sample stud^ 
ie^y any differences in proportion correct are statistically signifi- 
cant. Of greater interest is the magnitude of' the difference. 

• . \ Item Analysis 

The six items discussed in this paper are given with their re-^ 
spective response options in Table 1^ Items 1^3 are taken firbm one 
test ^orm of the Su;r^ey of Basic Skills 1 Grade 6 and items 4^6 are 



■ J, 



taken from* a secorid form*; The probability of succeia for boys and 
girls in iolving . each problam is |iven in Tabla 2. ^irls are more 
likely than hoys to answer all four computations correctly. Boys are 
more likely thaa girls to answer the two story problems correctly. 
The probabilities of Table 2 lend siipport to the suggestion that 
boys and girls eKcel in different types of problem solving* At issue 
now is the question of -whether girls and boys who err on these prob- 
1 ems /do so in similar ways. That ' is, /are they choosing, the iame 
. incorrect responses? To investigate; this issue the distributions of 
incorrect responses' for males and females on each item^ere coi^ared, 

Computaj^iong " . 

Item 1. Although moat^il'^ren answer Item 1 correctly ^ roughly 
one thousand children ansVered fincorrectly. 'Boys and girls do choose 
dl,f f ereat distractors , Boys- are more likely than girls to sele^ct 
; response (c) while girls are. more likely to select (b) . . These^re* 
sponses rbflect /"simliar mistakes in ^carrying' ^ but the errdrs occur 
in different columns ?s . V v ^ 

Theaa -re sults faav e-*faeeri ionf irfted ^ from data gathered in 1976-77 
and 1977-98* Hesjonses from approximately 18 ,000 children in each 
year to this; item have the ^ Me pattern as that described above. 
Girls and boys er^ in different ways , or at least , on different parts 
. of the item. The differences in respdo^e on this item are puzzling. 
^^he \ choice of distracto^r may indiMte that the boys and girls are 
somehow viewing^ the problem in different ways* - 

Itgm 2* There #re no differences i^ males ■ ^and females ' re^ons^ 
, es to the subtraction item. The predominant incorrjict choice for both 
sexes is -None of these* , ^ The second most popular diBtractor -is 
'^option (b)* this selection indicates incorrect^ alignment of the parts 
of the problem: decimal positions are ignored. Slightiy mote girls 
than boys 'choose this respo^e (37 percent and 33 percent respective- 
= -ly)/ " ' * ■ ^ ' ^ \ ■ \ ^ ■ • ^ , . ^ \ , 

I'tem ^ ^4. On this subtraction problem, theife are indications of 
sex differances. Of those children answering incorrectly^ both sexes 
select c^esponse (c) most often. However, the Second most popular 
. response by boys is- option (a) while girls select (b). Boysv.are 
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almost ' equally v-diyi C^) and.Cc), answering 33 

percent:;' aird /SS perceat r^sp^ -Girls clearly prefer ^option (c) 

and than ielact (b) , with 39 perMnt selecting the former, and 32 
\..^^percent ehqoiing the flatter , rAgain, these results have iee^conf irmed 
le dit# of 1976-77; 

' Item 5\ There are no apparent differences in the saxes^ respons* 
■fes^'to Item 5* Response: (c) is the most frequent choice, and approxi- 
oatily 45 percent of fea'ch sex leleat it, i Option (d) is the next 
choice I with about 35 percint of #ach sex ch(^bing It , 

* : Unfortunately I ;the^ reiults for^ item ^5 maj^not be if reliable as. 
they seem. Consider the responie : options givenv-for this item in Table 
1* f^Respons^- (c) reflects addition; response (d) indicates -division. 
^The correct response (b) can [be obtained' by either atf the two remain- 
ing primary oparatiqns. Th#t is, * : 

. 4 K 4/5 ^ 4 < 4/5 ^ 3;^^^^^^ 

The most chosen diatractor corresp^onds to addlti^^-^f 4 and 4/5* It 
is not unlikely that some children also aubtract rom 4, Errors 

f rom ' this operation ! are not reflected in the responses ; indeed the 
^nsw^r obtained in this erroneous manner coincides with the correct 





Item 3, Males and females ^esponcL to the first story problem 
very similarly. ^ The probability of succesi is nearly identical 5 1S8 
for males and .5100 for females). BotEsexe^ select distractor (a) 
most frequently, with girls more likely than pdys tp choose it (48 
percent of all girls answeTfing inccfrrectly con^ared with 44 percent of 



all. boys answering incorrectly) . Both sexes also ielect distractoT 

(c.) with high frequency. Roughly 34 percent of tl\e boys and 30 percent 

of the girls choose it. ^ 

* \ 
Jtem 6, Responses to the second story probletn suggest sex dif- 

_ / ' - ■ 

ferences in problem solving. Eemales overwhelmiqrgly select response 

(a). Of all possible choices, including the correct option, 33 per- 
cent of the girli select (a) collared to 29 percent selecting (c) . An 
additional 24 prfcent select (d). Of the males, 37 percent answer 
correctly, and about 25 percent select fa) and (d) each^ 



m'I . .. This item : deserves^ extehded discussion bfeeausa the distractor 
^ choices (a) and (d) reflect different , problem solving strategies . 
Response (a) corresponds to the first step !of the solution: V 
. < " . ' . . , = = 1/2 ^ 12 = 4. . . ^ ' ; ; ' • . . 

Response, (d) J on the. other hand, may /ndicate general Understanding .of 
thm problem V coupled with arithmetic error. That is, one way to 
Achieve/ the response is: 1 ; /i 

; - ;/ Step It. 1/3 ^ 12 = 3 Cincarrect) ^ 
; f /iV Step 2^ 12-3-9 (torrtct) ' / / 

The arithmetic of the first step is wrong but .the logic leading to tne 
solution^ -^9' is approprlata. The^choice of (a) suggests a raisunde^- 
standing of the problem; a response of (d) suggaits arithmetic errot. 

Relationship Among the Items Within a Test Form 

The items discussed in this paper were selected because they had 
particular relationships. Both of the computations on ^ a test form 
require skills used in solving the accompanying story problem. One 
asiumes that correct solution of the computation items will correlate 
with sdl'ving of the story problem, because the story problem requires 
a similar computation. Table 3 shows the probability o£ succeiS on the 
story problems g^Sga possible correct/incorrect responses on the 
companion computations. ^ - . ' 

Form 1^ \ 

Thie probability of a correct response to the first story problem 

(Item 3) is approKimately the same for boys and girls (see Table 2), 

'It is evident^ from fable 3 that the probability of success remains 

similar for both sexes when either or both of the computations are 
■ J ^ ■ - . ' 

answered correctly. However , boys are much more likely to answer the 

t ' . ' . " " ' .= ■ " > 

story problem correctly given incorrect responses to both computations 



are girls^. That is, it appears that mastery of the skills re^ 
quired by the computations ^s more important for the girls on this 
item than f8,r t^e toys,. If the girls can^t solve the computations, 



the^^ have little chance of solving the delated story problem. The 
probability of success on the story problem given succeisful answers 
to^oth coinputatfions is almost 2 4/2 t^&s greater than the ptfobabil- 




ity succass given incorrect' responses to both. For the boys, the 
probability of succeii on Item 3 given success an Items 1 arid\2 is 
about- 1 3/4 times as large #s the prdtabiiity of success on Ite^'^^js.d 
fiailure on bpth* computations . ' . 

A possible implication is that the GomputatdOTal items are not 
^ood measures of whether the .boys have mastered^ thfe skills of addition 
4 subtraction. One suspects, that the skills are mastered but that 
the boys ' are more careless in their atitlmetic. The rate of success 
for girls who miss both computations is substantially lower than that' 
for boys. It appears that girls who err on tHa computations do so 
because they have not masteredi the "nireded skills., If they have not 
mastered the recjl^isite skills^ ^they cannot be^ succeisful o^^he story 
problem requiring the same proficiency, > 

Form 2 ^ ^ ^^ . - ^ 

The relationship between computations and story problem .on the 
second foM differs from that observed on the firBt, The probability 
"^f 'success oh the story problem for males is ,3^82 and for females is 
,2935^* It is evident from Table 3 that success on both ooraputations 
is more indicative of success on the story problem for males than for 
females. ^ ^ - , 

Compare ^ach sek^s probability of success on Item 6 given success 
on Items 4 and 5 with that given failure on the same items. As on 
Form Ij the probability for boys is approximately 13/4 times greater 
if the computations are answered correctly than if the items are 
missed^ For girls ^ the probability is only 1 1/3 times larger. 
Recall that on the first test form, answering the computations cor^ 
rectly resulted in a probability for the girls that was 2 1/2 larger 
than that obtained when the computations were answered incorrectly* 
One. infers that me computational skills play a more dominant role for 
girls on the firsx test form tian on the second. 

Item 6 poses some obstacle to girls, ^at reduces the ifflportance ' 
of computation, skills, One migtt suggeit that girls do not like 
basahall cards and that the masculine content of the item affects 
girl's^ problem solving. Othen items on the Survey have mo*re feminine 
content (e.g^^ recipe conversions in baking) but the differences in^ 
solving story problems remain. On items that cannot.be solved- by a 



single sifliple arittaetic step, boys are more likely to succeed/ than 
girls. . _ ■ , \ \ = 

' * Discussion ; ' 

Of fthe six. problems presented here, three show sek differences in 
choice of dlstractors There are also differencas in the pattarns of 

------ - . . , ^ 

rasponsas; boys ' arie more likely than girls to. answer the story prob^ ^ 
lams correctly after missing conpuation items - requiring the sam^ 
skills. . s 

further diffarences in^respanses can^ be seen in a comparison of . 
boys- and girls- answers to th4 story problems under the various 
conditions of Table 3* ^When both computations ^re answered correctlyj 
boys' who arr on Item 3 select response (c) most often. Girls select 
(4)* In all other situations boys and girls both select (a) most" 
often* \ ■ ^ \ ' 

On the, second test form, boys who miss both computations are more 
likely, to i miss Item 6 by selecting (c). Girls select^ (a)* ^ Boys in 
the other- situation^ select (a) more of^a ^than. (c) j as do girls. 

From jthese two forms s the indications are that girls ara select^ 
ing tHfc samie distrafitors' regardless of performance on the computa^ 
tions/ Iri contrast, boysV responses seem* to depend upon success or/ 
failure on 1 the cpmputations , 

. Analysis of disjtractors does not explain why boys and girls' 
differ in fiheir responses, '•^However, such analyse^ do provida evidence 
that girls Wnd boys ara approaching probrems ,in different ways and can 
be* useful in id^tifying the areas in which |the sexes differ. Once 
these areas! are identified ^ other .methods of investigation, such as 
protocol analysis and personal intervleWj ^may yield details about 
cognitive differences in problem solving itfatagias* 
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[tern h 



Table 1 



IteBDs and Respohse Options' 



Test* Form 1 



. ft) 
* Cd) 



744 
+578 ' 

1,212 

1,222 
1,312 
.•1,322 



Substract 76* 8 from 462.53, 

(a) 539.33 r 

m 454.85 . ; 

Cc) 386.73 ■ 

* Cd) 385.73 

(i) None of these 



Item 3' Mrs* Joaas has $158.62. She makes purchaiei 
of S5.25j $4:9,88, ana $10.35. She earns 
S51.64< How much does ihe have now? 

(a) $172.46 

* (b) ■ $144.78 • 
Cc) $44.50 ' ' 

Cd) $13.84 . , 



Table 1 continued^ 
. b: Test FArm 2^ 



• ■• =; Item 4r . - 4003 

- 209 

Ca) J - 4,79% 

^. * (b) ' 3,894 

. . (c) 3,804 

/ * (d) 3,794 

^ * ■ : ■ .= ■ . .... , 

^ Item 5i ^ , '4 K 4/5 - 

' . ; ^ (a) 1 3/5 

; ' * (b) . 3 1/5 

■ . \ Cc) ' 4 4/5 

'V Cd) 5 



Item 6: John hai 12 baseball carflg. , H6 giyes 1/3 of 
' fihem tio JISq. How nlany does John have left? 

' ' : (a) 4 ' ' ' 

(b) / 6> 

■ , ' Cd) , 9 ' 



i 



Test items are ireproduced here throu^^ the p^rmisaion of the 
California Assefsraent Program^ Cay.fornia,, Department of Education. 



Asterisks indicate correct responses . 

\ . ■ 
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Table 2 



Probabilities of Correct Response 
to Each Ij^^o for Boys and Girls" 



Boys 



Sex 



Girli 



Forni 1 



loim 2 

\ ■ 



Item 1 
Jtem 2 ^^ 
Item ' 



Item 4 
Item 5 
Item 6 



-.9054' 
^3960 
.3188 



. JB30 
.4661 
.3682 



^9312 
.3999 
.5100 



.8101 

.5068 
.29^5 




^ ■ ■ : • _ - ^ • • '^^'^ ' / . \ 

Items 1^ 2^\4j and 5 ire computations Items 3;;and 6 are story 

problems. ^ : • ' = ^ , / ^ 
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Table 3 



Probabt^,ity of Sol>ijig Story Problems Gorrectly 
Given Suctessful/Unsuccsastul Soiving of Computations 



' * . \ ' \ 'Item 3- . • 

■» ' ... ' .. . \) ; " Boys Gi r.ls 
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prob (success / corract on Item 1 . ^ 

and correct on Item ^2) .652 .644 

prob (success / correct on Item 1 ^i, ^ 

and incorrect on Item' 2) ' .449 .441 

j^rob (Success / incorrect on Item 1 

' and cor^rect on^ Item 2) ./505 ' .492 

prob (success /, inco-rrect on Item 1 ' ^ ^ . 

and incorrect on Item 2) ; .348 .261 . 



^ ^ u . ' Item 6 , ' 

prob' (success / correct on Item 4 

' and correct on Item 5) .454 .331 

prob (success / correct on Item 4 \ * 

' and incorrect on Item 5) .320 .269 

prob (success ;/ incorrect on Item 4 

and correct on Item 5), .369 .264 

prob (success,/ dncorrect on Item 4 

and incorrect on Item 5) .262 .247 



